The purpose of this study was to examine the sensitivity of the Japan Fitness Test for elderly people to assess the effects of aging. The participants were 250 male and 377 female, (627 in total) elderly people in residential care. The Japan Fitness Test consists of 6 test items 
Introduction
It has been proved that physical fi tness of elderly people decreases with aging (Naka, et al., 1997; van Heuvelen, et al., 2002; Demura, et al., 2003; Brandon, et al., 2004) , and that this decline in their physical fi tness due to the aging change could be arrested through exercise training (Brandon, et al., 2004) . So that the elderly may lead a vigorous life, certain exercise training needs to be taken to prevent their physical fi tness from declining, and to maintain their daily functions. The amount and the intensity of the exercise training that are necessary to maintain or improve the physical fi tness differ among each individual level of physical fi tness. Therefore, it would be desirable that elderly people take effective exercise training while realistically considering their own individual fi tness level.
The health-related physical fi tness, which is the foundations of the health of the elderly, include muscle strength, muscular endurance, agility, balance, fl exibility, cardio respiratory endurance, and body composition (Haskell and Kiernan, 2000) . To measure the health-related physical fi tness, performance tests in which exercises are actually taken as well as physical fi tness questionnaires specialized in generality and usefulness are available (Nishijima, et al., 2003a; Nishijima, et al., 2003b) .
The performance tests are highly reliable and valid, and are not easily affected by verbal expressions and life styles (Guralnik, et al., 1989) . Therefore, the performance tests are preferable for the measurement of the elderly physical fi tness if the safety of the tests is fully guaranteed. Also, Demura, et al. (2003) and Naka, et al. (1997) describe the effects caused by aging in the elderly depend on such constructs of the health-related physical fi tness as muscle strength, muscular endurance, agility, balance, fl exibility, and cardio respiratory endurance, and that the degree of the effects is highest from the age of 75. In addition to the safety in conducting the performance tests and the reliability as well as the validity of the tests themselves, the sensitivity of the tests to refl ect effects caused by the aging change, is also required. The sensitivity of the tests is a statistical concept showing the probability in which a case the relativity between variables is accurate and judged to be true.
The Japan Fitness Test (intended to be used with elderly people between the age of 65 and 79) has been carried out yearly throughout Japan since 1997. It represents a standardized physical fi tness test for the elderly in Japan and is comprised of 6 test items measuring muscle strength, muscular endurance, fl exibility, balance, coordination, and cardio respiratory endurance. Although the reliability and validity of the respective items have been reported (Nishijima, et al., 2003a) , the sensitivity to the aging change in the elderly at the age of 75 or older has yet to be presented. This study, therefore, aims to redress a decline in the physical fi tness of the elderly at the age of 75 or older through Japan Fitness Test while examining the sensitivity of the test to aging change. Table 1 shows the sample size according to gender and age ranges of every fi ve years. The participants were 627 healthy elderly people in total between 65 and 92 at their age, comprised of 249 males and 377 females, who reside communally in municipalities of Ibaragi Prefecture, Mito, Tsuchiura, Shimodate, Tsukuba, Ryugasaki, Hitachi, Aso, and Taiyo, or in Ogano town in Saitama Prefecture. The average age of the males was 72.8±5.4, while that of the females was 72.8±5.2. Prior to the research, informed consent was received after all the participants were fully informed of the purpose of the study as well as explanations of the measurement procedure. This study was also approved by the Human Ethics Review Committee of the Institute of Health and Sport Science of Tsukuba University. 
Methods

Participants
The Measurement of Physical Fitness
Prior to measurements of the physical fi tness, the participants received medical examinations, 
Statistical Analysis
To explore the aging change in physical fi tness, two-way multivariate analysis of variances (MANOVA) was conducted on the six items of the Japan Fitness Test as dependent variables and gender (two levels) and age (four levels of fi ve years ' interval: 65-69; 70-74; 75-79; 80 or older) as independent variables. If signifi cance was found in F-value of interaction (gender×age), one-way MANOVA was used on respective age ranges per gender as independent variables. Pillai' F was utilized for F-value. If there was signifi cance found in effects between gender and age, ANOVA was run while the effects caused by gender and age was examined through univariate analysis. In the event that the main effects of age were found signifi cant, a multiple comparison Bonfferoni test compared means between respective age levels in each gender.
The tests to sensitively measure a decline in physical fi tness accompanied by aging are desirable as physical fi tness tests. According to the results of a study by Demura, et al. (2003) , it is assumed that the physical fi tness of the elderly rapidly declines from the age of about 75. To examine the sensitivity of the aging change to the six items of the Japan Fitness Test, the effect size (ES) of the respective items between two groups, one comprising an age range of 65-74 and the other of 75 or older was calculated. The sensitivity is generally assessed by the effect size and the observed power, the product of the number of samples. In the event that the sensitivity is compared in the studies with variation of numbers of samples, however, it is most likely that the use of ES not easily infl uenced by numbers of samples is desirable. Since ES is a statistic variable indicating how many times larger standard deviations of two groups combined a difference between means of two groups in comparison is, it shows the effectiveness of independent variables against dependent variables (Cohen, 1988) . The following calculation of ES was adopted based upon the procedure of Cohen (1988) . ES = (mean of Group 65-74minus the mean of Group 75 or older) divided by the standard deviation of the whole
In the general assessing criterion of ES, 0.20 or less is determined as a small effect, around 0.50 as a medium effect, and 0.80 or more as a large effect (Thomas, et al., 1991) . In this study, ES was assessed in comparison with the values reported in previous studies.
The signifi cant level in all the tests was established at α= 0.05. In all the statistic procedures in this study, SPSS 12.0J for Windows, an application software was utilized.
Results
Gender Differences and Aging Change
The results of MANOVA (2 levels of gender × 4 levels of age) appear in Table 3 indicating main and interaction effects of gender and age. The observed power as a whole in MANOVA was high as 0.930 or more. There were no signifi cant interaction effects found in (Pillai's F = 1.5, Hypothesis df = 18, Error df = 1845, P = .07), while there was signifi cance found in the main effects of gender (Pillai's F = 87.3, Hypothesis df = 6, Error df = 616, P < .05) and age (Pillai's F = 9.7, Hypothesis df = 18, Error df = 1845, P < .05). P < .05). P S i n c e t h e r e w a s n o s i g n i fi c a n c e f o u n d i n interaction (gender × age) effects of gender and age per a univariance were examined. were no signifi cant interaction effects found in Grip Strength, Standing Foot Balance with Eyes Open, 10 m Hurdle Walk, and 6-minutes Walk, there was signifi cance found in the main effects of gender and age respectively. In Sit-and-reach there was signifi cance found in main effects of age, but no signifi cance was found in gender differences. As there were signifi cant interaction effects found in Sit-ups, the effects caused by age in Sit-ups were examined with one-way ANOVA run respectively for gender differences. As a result, there were signifi cant effects of age found for both genders. Means and standard deviations of the six items of the Japan Fitness Test were classifi ed into respective gender and age groups and appear in Table 5 . The value of Grip Strength of males was the highest in the age group of 65-69, while there was no signifi cant difference found between 70-74, 75-79, and 80 or older groups. Focusing on females, there were signifi cant differences found between the age groups of 65-69, 70-74, and 75-79, but no signifi cant difference was found between 75-79 and 80 or older.
There were signifi cant differences found between the age groups of 65-69, 70-74, and 75-79 in Sit-ups of males, while no signifi cant difference was found between 75-79 and 80 or older. In females, in contrast, there was no signifi cant difference found between the age groups of 65-69, 70-74, and 75-79 in Sit-ups, and the value was the lowest in the age group of 80 or older.
Although there were signifi cant main effects of age classifi cation found in male Sit-and-reach, no signifi cant difference was found between respective age levels. In female Sit-and-reach there was no signifi cant difference found between the age groups of 65-69 and 70-74 as well as 75-79 and 80 or older, while there was signifi cant difference found between 70-74 and 75-79.
According to the results of male Standing Foot Balance with Eyes Open, the value of 65-69 was Among the values of 6-minutes Walk of males, the age group of 65-69 appeared the highest, but there was no signifi cant difference found between 70-74, 75-79, and 80 or older. In females there were signifi cant differences found between 65-69, 70-74, and 75-79, but no signifi cant difference was found between 75-79 and 80 or older. Figure 1 illustrates the effect size for respective genders occurred between the groups of 65-74 and 75 or older in Japan Fitness Test. The effect size of Grip Strength was 0.65 in value found for males and 0.63 for females, while that of Sit-ups was 0.71 for males and 0.25 for females. However, the effect of Sit-and-reach for males was less of 0.20 and 0.47 was for females. The effect size of both genders was large both in Standing Foot Balance with Eyes Open and 10m Hurdle Walk; 0.78 for males and 0.80 for females in the former exercise, and 0.64 for males and 0.88 for females in the latter. The effect size of 6-minutes Walk was indicated as 0.53 for males and 0.75 for females.
Effect Size of Aging Change
Discussions
The major results revealed in this study suggest fi rstly that the physical fi tness test would decline with aging change and the degree of the decline was on the same level in both genders. Secondly, the effect size of fi ve items excluding Sit-and-reach for males and four items excluding Sit-ups and Sit-and-reach for females appeared above the medium to the aging change.
Items Involved in Japan Fitness Test and Aging Change
Two-way MANOVA and ANOVA indicate no signifi cant interaction effects in Grip Strength, Standing Foot Balance with Eyes Open, 10m Hurdle Walk, and 6-minutes Walk but signifi cant main effects of gender and age. Although there were no main effects of gender or signifi cant interaction effects found in Sit-and-reach, signifi cant main effects of age were found. The results suggest that there was a decline in the physical fi tness caused by aging of Grip Strength, Sit-and-reach, Standing Foot Balance with Eyes Open, 10m Hurdle Walk, and 6-minutes Walk.
With physical fi tness test items that were different from this study, Naka et al. (1997) , Minami et al. (2001) and Demura et al. (2003) have examined aging change of the elderly in muscle strength, fl exibility, balance, coordination, and cardio respiratory endurance in both genders. Findings suggest aging change in the respective components of physical fi tness was on the same level in both genders. The Japan Fitness Test is comprised of six tests measuring six components of physical fi tness: Grip Strength for measuring muscle strength; Sit-and-reach for fl exibility; Standing Foot Balance with Eyes Open for balance; 10m Hurdle Walk for coordination; 6-minute Walk for cardio respiratory endurance. The results disclosed in this study suggest that aging changes in all the six were on the same level for both genders and are consistent with the results of previous studies (Naka, et al., 1997; Minami, et al., 2001; Demura, et al., 2003) . Therefore, it can be assumed that the above six tests are most likely to measure the aging change in the elderly appropriately.
However, when performing sit-ups, an exercise which measures muscle strength and muscular endurance, there was a signifi cant interaction effect found. One-way ANOVA analysis, where age levels in respective genders were regarded as independent variables, indicated signifi cance in main effects of age in both genders. The analyzed data suggest that the test results of Sit-ups in both genders decline with the aging change, and that the aging change differs in gender.
30seconds-chairstanding (CS-30) is a physical fi t n e s s t e s t w h e r e m u s c u l a r e n d u r a n c e i s a measurement component (Nakatani, et al., 2002) . The procedures for measuring CS-30 are to sit lightly on either a step for going up and down exercise (40cm in height) or a solid stool, and to repeat the movements of standing up and sitting down as many as possible in thirty seconds with both arms crossed in front of the chest (Nakatani, et al., 2002) . In the previous study examining the muscular endurance of the elderly in the use of CS-30 (Nakatani, et al., 2002) two-way ANOVA analysis indicated no signifi cant interaction effects.
Muscular endurance is an ability that enables the muscle contraction in a constant strength, a certain percentage of the voluntary maximum muscle strength, to repeatedly occur without muscular fatigue (American College of Sport Medicine: ACSM, 2003). Hollman and Hettinger (1990) defi ne the endurance when the one-sixth to one-seventh or less of the whole skeletal muscle functions as the muscular endurance, and make a clear distinction between the muscular endurance and the cardio respiratory endurance. Results found in this study suggest that interaction effects (gender × age) in Grip Strength (muscle strength) and 6-minute Walk (cardio respiratory endurance) were not statistically signifi cant, it is inferred that the aging change in the muscular endurance of both genders appears on the same level.
Thus it is possible to infer that the signifi cant interaction effects found in Sit-ups were results not refl ected by aging change in muscular endurance, but caused by the measurement item itself of Sit-ups.
The performance tests measuring muscular endurance include Push-ups and YMCA Bench Press apart from Sit-ups and CS-30 (ACSM, 2003) . In each of these tests, the muscles used differ according to the exercise. The muscles neighboring the abdomen and the upper part of the body is mainly used in Sit-ups, while muscles neighboring the thigh in CS-30, and neighboring the chest both in Push-ups and YMCA Bench Press. To prevent the onset of backache, it is preferable to perform Sit-ups as a test measuring the muscular endurance, where the abdominal muscle is used.
To further explore causes which result in signifi cant interaction effects found in Sit-ups, the http://www.soc.nii.ac.jp/jspe3/index.htm 589 distribution of the test results was examined. The examination shed light upon the base effect of the test results and signifi cant bias in the distribution as the females resulted in low accomplishment ratio in Sit-ups and many of their measured values were zero. Compared with males, the factors underlying low accomplishment ratio in Sit-ups of females are most likely to be less volume of muscle, a larger rate of muscle atrophy due to their inactivity, and more fat attached to their abdomens hampering the accomplishment of exercise. After the bias in the distribution of the results of Sit-ups were modifi ed by logarithmic transformation, two-way ANOVA (2 gender levels × 4 age levels) was rerun. The analysis indicated no signifi cant interaction effects. According to the reanalyzed results, it can be judged that an improvement in the accomplishment ratio of females enables the aging change in the muscular endurance to be sensitively assessed by Sit-ups. Consequently, in order to heighten achievement degree of Sit-ups in females, improvements in the test procedures should be made such as a provision of a sloped apparatus at the initial posture of the sit up test.
For the reasons stated above, it is inferred that fi ve of the six items excluding Sit-ups involved in the Japan Fitness Test measure aging change appropriately. In Sit-ups, however, it is suggested that an improvement in the test procedures is essential as the accomplishment ratio of females was low and a fl oor effect was found.
Sensitivity to Aging Change
The sensitivity of the Japan Fitness Test to aging change was examined by effect size. Among six items involved in the Japan Fitness Test, the effect size was 0.50 or more for both genders in four items: Grip Strength (0.65 for males and 0.63 for females); Standing Foot Balance with Eyes Open (0.78 for males and 0.80 for females); 10m Hurdle Walk (0.64 for males and 0.88 for females); 6-minutes Walk (0.53 for males and 0.75 for females). The components of physical fi tness measured in the four items are respectively muscle strength, balance, coordination, and cardio respiratory endurance. In previous studies on the decline in physical fi tness of elderly people due to aging (Rikli, et al., 1999; van Heuvelen, et al., 2002; Dumura, et al., 2003) , the extent of the respective declines in muscle strength, balance, coordination, and cardio respiratory endurance appear in the effect size ranging from 0.6 to 0.8. Since the effect size of the four items gained in this study is almost on the same level as that reported in previous studies, it is possibly to judge that there is suffi cient sensitivity to the aging change in Grip Strength, Standing Foot Balance with Eyes Open, 10m Hurdle Walk, and 6-minutes Walk.
However, In Sit-ups measuring the components of muscle strength and muscular endurance the effects were moderately large in males (0.71), while those in females were small (0.25). Also, a difference was found between respective gender values in the sensitivity to aging change in Sit-ups, which is likely to be an outcome which refl ects the signifi cant interaction effects (gender × age) found through ANOVA. As Nakatani, et al., (2002) state, there have been no signifi cant interaction effects found between gender and age in CS-30. In this study, the accomplishment ratio of Sit-ups was particularly poor in females. This result can account for high sensitivity to the aging change in males but low in females.
The effect size to aging change measured in Sit-and-reach was moderately small in both genders (0.20 for males and 0.47 for females). Both of the values were similar to those calculated by Rikli, et al., (1999) (0.33 for males and 0.30 for females). In another previous study examining the fl exibility by Stand-and-reach (Minami, et al., 1998) , the effect size was also reported moderately small, 0.29 for males and 0.31 for females.
The previous studies demonstrated low sensitivity to aging in tests measuring fl exibility. In this study, however, there was signifi cance found in the main effects of aging. In the light of the fi ndings in this study, while the test results of the elderly suggest fl exibility decline due to aging, the degree of the decline was minimal. Thus, it is possible to assume that the test sensitivity to aging change is low. The small size of the effect caused by the aging change are maybe due to individual differences in the test results, which are affected by both the standing and sitting heights as well as the length of the upper body. Abdominal fat may hinder exercise from being attained (ACSM, 2003) , and several orthopedic problems such as aches in the back and knee, also have effects, though the effect is relatively small. Although the effect size to the aging change in Sit-and-reach was moderately low, Sit-and-reach can http://www.soc.nii.ac.jp/jspe3/index.htm 590 be judged as a measuring index of the fl exibility with suitable sensitivity.
The outcome mentioned above establishes that all the six items demonstrated in the Japan Fitness Test were sensitive to the effects of aging in males, but that fi ve items excluding Sit-ups had sensitivity to the aging change in females. It is also suggested that an improvement in the test procedures of Sit-ups is essential for a higher degree of achievement for females.
